of evidence suggests that the urinary bladder contributes significantly to osmoregulation in higher teleosts (12, 15, 17) . However, the mechanisms for modifying ureteral urine and the possible beneficial effects of this modification have not been clearly demonstrated. Marine teleost urinary bladders have been shown to be capable of net mucosal-(lumen) to-serosal (blood) transport of Na and water as a hyperosmotic reabsorbate (15, 17) . Active transport of both Na and Cl by the urinary bladder has been reported in a freshwater and a marine species (1 I, 16). The hormone prolactin has been shown to alter the water permeability of the urinary bladder (E), thus demonstrating the possibility of a water-conserving or a water-excreting state. It should be noted that the urinary bladder of higher teleosts (Actinopterygii) is not homologous to the amphibian urinary bladder.
In teleosts the mesonephric ducts fuse and expand to form a contractile pouch of mesodermal origin, not endodermal as in amphibians (14) . Therefore, it is reasonable to treat the teleost urinary bladder anatomically and functionally as an extension of the mesonephric kidney. The apparent mode of operation of the marine teleostean kidney tubule may be described in general terms as follows. In those species possessing glomeruli, ultrafiltration of the blood provides the primary urine. In aglomerular species the primary urine is produced by fluid secretion, possibly driven by divalent ion secretion in the proximal segments (9). Reabsorption of nutrients, water, and electrolytes also occurs most likely in the proximal segments. In the distal tubule (if present) and/or collecting tubule additional monovalent ions and water are reabsorbed. Thus, the primary excretory products, divalent ions, are eliminated with a decreased amount of water.
Most of this description is based on micropuncture data from amphibians (25) because micropuncture data in teleosts are lacking. The present study shows that both Naf and Cl-were actively transported by the marine teleost urinary bladder and that the transport of these two ions may be electrically neutral.
The necessary to prevent loss of fluid during the frequent vigorous contractions of the bladder. The stopper was equipped with a hook by which this entire assemblage could be weighed.
The bladder was suspended in 100 ml of modified Forster's saline (MFS) (10) plus 5.5 mM glucose (Table  I ). The incubation medium was modified by omission of the biphosphate-bicarbonate buffer system and substitution of 3 mM imidazole (pH = 7.8). Possible Ieakage was checked by distent.ion of the bladder with MFS plus Evans blue dye (T-I 824). The bladder was then rinsed 2-4 times with the uncolored MES and finally filled with the same soIution until slightly distended (500-1,000 ~1). The serosal medium was continually aerated with filtered washed air. For this preparation, temperature was kept at a constant IO"C in a controlled temperature water bath (Fisher Isotemp) .
The contents of each bladder were sampled after 1 or 2 h in the incubating bath. Bladders were usually discarded after 8 h.
Perfused bladders were prepared by fastening PE-200 tubing into each end of the bladder with silk suture. This preparation was then suspended in a bath as shown in Fig. 1 
For measurement of unidirectional Na and Cl fluxes, 1 &i of 22NaCl (N ew England Nuclear) or 4.75 &i Na36Cl (New England N UC ear were added to 50 ml MFS. S-to-M 1 ) Aux was determined by adding isotope to the serosal medium and collecting the perfusion fluid and assaying total radioactivity. The specific activity of the serosal medium was measured before and after each flux measurement, and the change in specific activity was found to be negligible. M-to-S flux was determined by adding tracer to the perfusion fluid and subsequently determining the total radioactivity of the serosal bath. The serosal bath was renewed frequently to prevent backdiffusion of tracer. The tracer was found to have equilibrated with the tissue 15 min after initial exposure.
Flux periods ranged from 15 to 30 min. *'Na was cou nted on a NaI (Th) well - Because of this assumption, the total concentration of imidazole in the mucosal fluid (3 mM) was corrected for the concentrating effect of fluid absorption by the bladder.
The urinary bladder of the winter flounder is a tubelike expansion of the fused ureters which is highly contractile and distensible.
For this reason, sac-type bladder preparations unavoidably had a continuously changing surface area due to continuously decreasing volume. Net fluxes in these preparations were, therefore, expressed in units of weight of bladder wall exposed to incubation medium. The average bladder weight was about 50 mg. A constant surface area could be maintained in perfused bladder preparations and the unidirectional fluxes are expressed in terms of centimeters squared. Surface area was determined by tracing the outline of the opened bladder spread on millimeter graph paper.
Unidirectional fluxes (J SM or JM$) of Na or cl in perfused bladders were calculated from the specific activity (cpm/pmol) and the total radioactivity (cpm) as follows:
where the subscripts S and M refer to serosal fluid and mucosal fluid.
CuZcuZutions. The net movement of each ion (AQi) during the tz'ms t (h) across the sac-type bladder preparation was estimated as follows :
Ci = concentration of ion in mucosal fluid (pmol X ml-l) V = volume of mucosal fluid (ml) Net flux (Qj) (as ,umol/g bladder wt per h) was then . side. This pattern was repeated each time the mucosal fluid was renewed.
The fact that NaCN (0. I g/l) added to the external bath completely abolished the PD (Fig. 2 ) indicated that metabolic processes were necessary to maintain the PD. The PD measured across the sac-type preparation with initially identical solutions on the two sides averaged 23.4 A 4.9 (SE) (n = 9) mV, mucosa negative (range: 10.4-53.1. mV) after an average of 4 h incubation. Continuous perfusion of isolated bladders maintained the PD at 4.4 A 1.7 (SE) (n = 15) mV, mucosa positive (Table  3) , and in these conditions the PD was stable (see example, Fig. 2) in open-circuited conditions with identical solutions inside and outside showed that M-to-S flux was about 6 times the S-to-M flux for both ions (Table 2) . CI influx and efflux both averaged slightly higher than Na influx and efflux, but the net movements of the ions calculated as the difference in unidirectional fluxes averaged almost the same ( Table 2) .
The positive potential with respect to the mucosal surface made it possible to speculate that Cl was actively transported providing an electrochemical gradient down which Xa moved passively. This prediction can be tested by elimination of the electrochemical gradient across the bladder wall. Under these conditions Na transport should be greatly reduced.
The active transport potential (Eion) ought to be high for Cl and low or zero for Na. To calcu- where R = universal gas constant; T = absolute temperature (283°K) ; z = valence of the ion; F = Faraday's number; and JMs and JSM = unidirectional flux from mucosa to serosa and serosa to mucosa, respectively. As can be seen in Table   3 , the average values of EK. and EC1 are both between 40 and 50 mV, ENa negative and EC1 positive with respect to the Xumen. As noted above, the measured PD of the perfused bladder averaged about 4 mV. This was fairly conclusive evidence that both Na and Cl are actively transported by the urinary bladder. The relationship of Na transport to Cl transport is an important one in light of the small PD and substantial active transport of both ions. To examine this relationship more closely, unidirectional fluxes were measured while voltage clamping the bladder at transmucosal PD's of +50 and -50 mV. Table 4 shows that voltage clamping had no significant effect on either Na or Cl movement in either direction.
Voltage clamping at 0 mV (short circuiting) had no effect on the transmucosal fluxes when compared to fluxes in the open-circuited state. A slight reduction in active flux (JMs) was seen when the bladders were clamped at either -50 or 3-50 mV; however, the effect of the voltage clamp was the same on both Ka+ and Cl-transport.
Net water and assocz'ated net ion transport by sac-t@ bladder preparations. Perhaps the most important function of the urinary bladder is the absorption of water from the ureteral urine. Water transport could not be easily studied in the perfused preparation and, therefore, sac-type preparations were studied.
The results verified that isolated sac-type bladder preparations, when incubated with initially identical solutions on the mucosal and serosal surfaces, were able to perform net fluid absorption (M to S) (Table 5 ). This net fluid transport was accompanied predominantly by net M-to-S transport of Na+ and Cl-( Table  5 ). The rates of Na+ and Cl-net transport were essentially the same, and the quantity of Na+ and Cl-transported accounted for almost a.11 of the net transport of osmotically (Table  5) . A constant linear relationship existed between water movement and net transport of both osmotically active solutes and Na+ plus Cl- (Fig. 3) . The correlation coefficient in the former case was r = 0.96 and in the latter case it was r = 0.94. The slopes of the regression lines for the two cases were slightly different, 328 posmol X ml-l and 303 pmol of Na+ and Cl-X ml-? Thus, the transported fluid was hyperosmotic to the mucosal fluid (280 posmol X g-l water). The hyperosmolality of the transported fluid was also shown by direct measurements of the mucosal fluid osmolality which consistently decreased at a rate of 2.0 & 0.2 (SE) % X h-l.
Comparatively small net movements of other ions took place (Table 5) ; however, there was no correlation of the net movement of any of these ions with fluid transport. The quantity and concentration of K+ in the mucosal fluid consistently increased (Table  5 ). Net K+ movement was not correlated with the net movement of any other ion. The pH of the mucosal fluid was consistently decreased as a result of H+ secretion (Table 5 ). However, it should kelationship Of urinary bladder transport processes to the passible in viva role. To relate the ion transport processes of the urinary bladder to the possible in vivo function, the should be noted, however, that the concentrations of these effect of presenting the mucosal surface with a Mg-rich solution was examined. Normally, the urine of marine teleosts contains a Mg concentration of from 50 to 200 mM and is slightly hyposmotic to plasma (9). MgClz was subions in the mucosal fluid almost always increased and more stituted for a portion of NaCl in the MFS so that the final specific experiments presented below will illustrate the osmotic pressure was slightly less than normal MFS (Table  1) . The final Mg concentration of the mucosal Auid was 58 imsortance of this.
mM and the serosal fluid was I .O mM. Because of the importance of determining water movement under these conditions, the sac-type bladder preparation was used. Net transport, lumen to bath, of water, Na, and Cl still occurred (Table  6 ). Na and Cl were moved in equal amounts despite the fact that the Cl concentration of the mucosal fluid was almost 3 times higher than the Na concentration (Table 6) . A net movement of K into the mucosal fluid occurred while small amounts of Mg and Ca moved from lumen to bath (Table 6 ). The Na concentration of the mucosal fluid decreased rapidly while the Cl concentration remained unchanged during these time periods. At these rates of movement, however, concentrations of Mg and Ca were considerably increased in the mucosal fluid.
EJects of ion transport inhibitors on water and ion transfiort by isolated urinary bladders. The effect of 1W M furosemide on net water and ion transport by the urinary bladder with identical MFS bathing the two sides was not significant, although a tendency for reduction of fluxes was apparent (Fig. 4) . To determine if the maximum effect of the drug had been achieved at the 10B4 M concentration, experiments were performed with 1.2 X lOA3 M furosemide. At this concentration significant reductions in the net fluid and ion transport accurred (Fig. 4) The effect of ethacrynic acid was similar to that of furosemide in that a concentration-dependent effect was apparent.
At 10W4 M ethacrynic acid caused a reduction in net water, Na, and Cl transport but had a significant effect only on Na transport (Fig. 5) . That the maximum effect of ethacrynic acid was not achieved at this concentration was shown by the fact that lOA M ethacrynic acid had a much greater effect (Fig. 5) .
Comparison of the above drugs with the effect of ouabain showed that in this tissue they were comparatively weak inhibitors of ion transport. Ouabain (1V M) very significantly reduced net transport of water, Na, Cl, and osmotically active solutes from the lumen to the bath of sac-type bladder preparations (Fig. 6) . The maximum inhibitory effect was evident within 1 h after incubation in ouabain solution.
A comparable inhibitory effect was obtained by incubation of bladders with K-free MFS on the mucosal and serosal surfaces. The rate of net Na transport in controls and K-free bladders was 128.3 A 36.6 ( n = 12) and 15.1 & 6.9 (n = 22) peq X g-l X h-l, respectively.
In the same bladders net Cl transport was equally reduced from 126.1 =t 40.8 (n = 12) in controls to 17.5 =t 8.1 (n = 2 1) peg X g-l X h-l in the bladders bathed in K-free MFS.
To further characterize the effect of ouabain on Na transport in the urinary bladder, unidirectional Na fluxes and PD were simultaneously monitored during exposure of the mucosal surface only or the serosal surface only to 10B4 M ouabain.
The results are shown in Fig. 7 . Ouabain applied only to the serosal surface simultaneously abolished the PD and the active portion of M-to-S Na flux (Fig.  74 .
However, unexpectedly, exposure of only the mucosal surface to ouabain also inhibited the active portion of Na flux, yet had no effect on the PD (Fig. 7B, C, 
DISCUSSION

Mechanim
af Na and Cl transpmt. The electrophysiological and pharmacological data on the teleost urinary bladder reported here indicate that both Na and Cl are actively transported.
The flux ratio (&/JSM) for both Na and Cl was far from unity when the spon taneous PD was clamped at zero (short circuited) and identical solutions bathed the mucosal and serosal surfaces. These precautions do not eliminate possible entrainment of Na and Cl brought about by the active transport of some other substance; however, this is not likely since Na and Cl transport were very large compared to the net movement of any other ion. The only other factor which might have influenced transepithelial ion movement was the slight hydrostatic pressure maintained on the perfused bladder (see METHODS). The directionality of this force was M to S. That this pressure did not contribute to the M-to-S flux of Na and Cl was shown by the fact that 10V4 M ouabain equalized the unidirectional fluxes by abolishing the active portion of M-to-S flux (Fig. 7) .
In addition to the fact that both Na and CI appear to be actively transported, their movements through the epithelial membranes indicated that they are linked. Several factors point to this conclusion.
The transepithelial PD of the perfused teleost urinary bladder averaged quite See Fig. 4 for explanation of graph.
low in comparison to tissues such as toad bladder (24) or frog skin (23). In fact, on several occasions the active flux was quite high even though the PD was zero, It was expected that imposition of relatively strong electrical gradients across the bladder wall would impede the movement of one ion and aid movement of the other, depending on polarity.
If both ions were actively transported from lumen to bath, the electrical gradients might not greatly influence flux in this direction. However, passive fluxes were expected to respond to the electrical gradients. The 15-min time periods were considered to be a sufficient period of time to determine whether or not the voltage clamps had any effect on flux because this was the maximum time ever necessary for isotopic fluxes to become stable after initial exposure of the tissue to 22Na or 36C1. Regardless of polarity, the imposed transmucosal PD's had almost no effect on active or passive Na or Cl transport.
What appears to be linked ion transport is not without precedent in other tissues. Na and Cl transport by the gallbladder appear to be inseparable and may be transported as a neutral complex (3). In the elasmobranch gastric mucosa H+ and Cl-transport appear to be tightly linked (10). Neither of the above tissues generates a significant transepithelial PD; and, in the case of the gastric mucosa, the imposition of counter electrical gradients has no effect on the ion transport processes (10). It would be premature to attempt to model Na and Cl transDort bv the teleost urinary bladder as has been done to the ambient medium. The present study showed that net absorption of fluid by the urinary bladder was closely correlated with absorption of osmotically active solutes which were accounted for almost entirely by Na and Cl. The concentration of Mg in the final urine of marine teleosts is usually high and considerably variable (9), but even in the presence of a steep Mg gradient (M-to-S gradient was 58 to 1) the solute absorbed was nearly all Na and Cl, and as a result the divalent ions were concentrated in the mucosal fluid. In vivo, the Na and Cl of the absorbed fluid could be excreted by the gill, and the net result would be the retention of water. The conservation of water by the bladder could be quite significant.
For example, if the function and rate of ion transport of the bladder were the same in vivo as in vitro, a 200-g flounder would conserve about 3 ml X kg-l body wt X day?
If net diffusional water flux in J'. americanus is similar to that measured in other fishes (5), the amount of water conserved by the bladder would amount to at least
